ABSTRACT
INTRODUCTION
Exposure to violence is a psychological stressor that has gained increasing recognition in the fields of public health, community psychology, and child health and psychopathology. Recent studies report that approximately 4 million adolescents have been the victims of violence and 9 million have witnessed violence during their lifetimes, in a nationally representative sample of U.S. adolescents. Further, 70% of U.S. inner-city youth have been victims of violence, and 85% of this population has witnessed violence during their lifetimes (1,2). Previous literature has documented a number of psychological consequences of exposure to violence, including heightened risk of posttraumatic stress disorder (PTSD) and higher levels of anxiety, depression, and aggressive and antisocial behaviors (3) (4) (5) (6) (7) (8) .
The pervasive psychological effects of exposure to violence have been well demonstrated. Recently, the question has emerged of whether exposure to violence, in addition to taking a psychological toll, also has physiological consequences. This literature remains preliminary and inconclusive. Thus, the goal of the study presented here was to obtain psychophysiological profiles of exposure to violence among adolescents. In particular, we focused on the effects of exposure to violence on laboratory assessments of cardiovascular and neuroendocrine measures, both at baseline and in response to an acute stressor.
Exposure to Violence and Basal Cardiovascular and Neuroendocrine Levels
Understanding alterations in basal biological profiles in younger populations can reveal early precursors to health problems later in life. Poor basal physiological profiles, such as elevated basal blood pressure and heart rate (HR), decreased HR variability (HRV, a measure of the parasympathetic nervous system), and dysregulated stress hormones, have been associated with the development of diseases such as hypertension and coronary artery disease (2,9-13).
These physiological profiles, in turn, have been linked to psychological characteristics such as stress. For example, greater reports of chronic or background stress are associated with increased basal blood pressure, increased cortisol, and decreased HRV (14-18). However, some studies have found dysregulated basal cortisol profiles in adults, such as a blunted cortisol profile (19-21). Overall, these adult studies suggest that as background or chronic stress increases, basal cardiovascular levels increase, HRV decreases, and cortisol levels become dysregulated. However, there is sparse literature regarding the formative stages of childhood and adolescence. In one such study (22), basal cardiovascular measures of total peripheral resistance were greater for adolescents reporting resolved stressors than for those reporting ongoing stressors.
These previous studies have often relied on general measures of background stress. Thus, it remains unclear what the cardiovascular and neuroendocrine profile of a specific life stressor might be. We focused on exposure to violence as one type of stressor that is salient to adolescents and that has been increasingly experienced in recent years (23). Only a few previous studies have been conducted in this area. Wilson et al. (2) monitored exposure to violence and ambulatory physiological measures during adolescents' daily lives. The authors found significant positive correlations between daytime systolic blood pressure (SBP) and nighttime diastolic blood pressure (DBP) and exposure to violence (2). Another study by Wilson, Kliewer, Teasley, Plybon, and Sica (24) found that adolescents who experienced violence victimization were more likely to be classified as nondippers in terms of blood pressure at night. In contrast, one laboratory study of adolescents found that increased exposure to violence was associated with lower basal pulse rates (25). However, this study included media violence in its measure of exposure to violence, which may have resulted in different patterns of effects. Finally, one study found that increased violence exposure, along with a harsh parenting style, predicted lower levels of SBP and DBP in children (26).
Overall, the chronic stress literature suggests that stress is associated with elevated basal physiological profiles and with dysregulated cortisol profiles. Furthermore, these physiological patterns are thought to place individuals at heightened risk for negative health outcomes. In focusing on the effects of one specific type of negative life event-exposure to violence-we hypothesized that similar to chronic stress patterns, adolescents with greater exposure to violence in their lives would exhibit basal physiological profiles including greater SBP, DBP, HR, lower HRV, and dysregulated cortisol levels at baseline.
Exposure to Violence and Cardiovascular and Neuroendocrine Reactivity
Background life experiences that individuals bring into the laboratory setting may influence the way they respond to novel stressors. Reactivity patterns to novel stressors are important indicators of global alterations or dysfunction in biological systems (27,28). Although there are very few studies that investigate the relationship between the specific life event of exposure to violence and cardiovascular reactivity, there is more general literature on background stressors and biological reactivity.
This literature has been mixed, finding support for both heightened acute stress reactivity and reduced reactivity. Gump and Matthews (28) reviewed 19 studies that investigated the effects of background stressors on reactivity to acute stressors and reported that the majority of the studies found greater acute stressor reactivity with heightened background stressors. This supported the notion of a sensitization effect, or heightened reactivity to a novel stressor. However, a considerable minority of the studies found reduced acute stressor reactivity under conditions of heightened background stress, supporting the idea of a habituation effect, or reduced reactivity to a novel stressor (28).
Several studies of adolescents found decreased physiological reactivity in response to acute laboratory stressors, which supports the habituation theory (29, 30) . Boyce and Chesterman (30) found that increased number of life events in adolescent boys was related to decreased cardiovascular reactivity. In contrast, Matthews et al. (22) found a heightened cardiovascular response to acute stress in the presence of background stress in adolescents; however, these stressors were reported as ongoing. Gump and Matthews (28) suggested that ongoing stressors are associated with increased reactivity to acute stressors, whereas resolved or past stressors can dilute or change the direction of reactivity to an acute stressor. With regard to neuroendocrine measures, several studies have demonstrated that when presented with acute stress situations, adults who have prolonged background stress in their lives exhibit a blunted cortisol response (19) (20) (21) 31) . Given that exposures to violence can be conceptualized as past stressors, we hypothesized that increased exposure to violence will be associated with decreased cardiovascular reactivity and blunted cortisol response to acute stressors in adolescents.
Dimensions of Exposure to Violence and Biological Measures
A secondary goal of this study was to better understand the dimensions of exposure to violence that are most relevant to biological markers. Exposure to violence is a complex stressor that has multiple components, such as whether the violence was personally experienced versus observed, in addition to characteristics such as the frequency, severity, and proximity of experienced or observed violence. In the few studies mentioned that utilized an exposure to violence scale, only Wilson et al. (2) distinguished between witnessing violence and being the victim of violence in their reporting of physiological correlates of exposure to violence. They found significant positive correlations between daytime SBP and being a victim of violence and nighttime DBP and witnessing violence in an ambulatory study (2). In addition, in the field of child psychopathology researchers have argued that understanding the dimensions of exposure to violence can help in understanding psychological responses to violence. For example, both the frequency of previous experiences with violence or trauma and the severity of exposure have been linked to PTSD in children (32, 33) . In our study, we explored which components of exposure to violence are most strongly related to changes in cardiovascular and neuroendocrine markers in adolescents in a controlled laboratory setting.
In sum, the primary goal of the study was to examine the influence of exposure to violence on cardiovascular (HR, SBP, DBP, HRV) and neuroendocrine (cortisol) basal and reactivity levels in adolescents. We hypothesized that (a) greater exposure to violence will be associated with greater HR, SBP, and DBP; less HRV; and dysregulated cortisol secretion at baseline, and (b) greater exposure to violence will be associated with decreased cardiovascular reactivity and a blunted cortisol response to acute stressors. The secondary goal of this study was to better understand the associations of specific dimensions of violence exposure with biological markers.
METHODS

Participants and Recruitment
One hundred fifteen participants were recruited from Kirkwood High School, a public high school in St. Louis, Missouri, with a diverse student body (approximately 25% African American). Permission was obtained from the school board to recruit students from Kirkwood High School via flyers and school announcements. We oversampled minority students to obtain a diverse sample with a range of exposure to violence experiences. Ages ranged from 16 to 19 years (M age = 16.85), with 62% female, 42% White, 55% African American, and 3% other (see
